INTRODUCTION
Non-biologic disease-modifying antirheumatic drugs (DMARDs), including methotrexate (MTX), are standard therapy for rheumatoid arthritis (RA). While some patients have only a minimal response, continuing to show high-disease activity (HDA), and others attain remission, the majority achieve significant improvement but continue to have low to moderate disease activity (MDA). [1] [2] [3] [4] MDA is associated with a significant burden for patients and society regarding quality of life, productivity, comorbidities and costs when compared with remission. 2 5-9 Furthermore, patients with MDA are likely to experience joint damage progression and loss of function with conventional DMARD therapy. 2 3 8 For these reasons, the 'Treat-to-Target' paradigm, together with the European League Against Rheumatism (EULAR) recommendations for RA management, advocates clinical remission as the main target for RA patients. 10 11 Recently, the definition of remission in RA has now been updated by ACR and EULAR, using Boolean-and index-based criteria; the latter employ the remission definitions by the simplified and clinical disease activity indices (Simplified Disease Activity Index (SDAI) and Clinical Disease Activity Index (CDAI)).
Few randomised clinical trials have specifically investigated RA treatments in patients with low disease activity (LDA)/MDA, although data from post-hoc analyses, open-label studies and registries suggest that anti-TNFs are efficacious. 7 12-14 Furthermore, there is little information regarding treatment adjustment once stringent remission is attained. Current EULAR recommendations state that once patients are in sustained remission, biologic therapies can be slowly reduced. 11 Potential benefits of drug withdrawal include reduced healthcare costs, safety and convenience.
Certolizumab pegol (CZP) is a PEGylated Fab' anti-TNF demonstrated to be efficacious and well tolerated in phase III clinical trials in RA patients with MDA/severe disease activity. [15] [16] [17] [18] [19] [20] [21] [22] However, in these studies, the vast majority of patients had HDA (mean disease activity score (disease activity score (ESR) based on 28-joint count (DAS28) values 6.4 to 7.0). 15 17 22 Here, we present results from the CERTAIN (CERTolizumab pegol in the treatment of RA: remission INduction and maintenance in patients with LDA) study, NCT00674362, which evaluated efficacy and safety of CZP as add-on therapy to current non-biologic DMARDs in patients with LDA/MDA. We also investigated whether CZP can be withdrawn when patients achieve remission and, if lost, whether remission/LDA could be regained upon CZP reinstitution. screening and baseline (defined by CDAI >6 and ≤16, ≥2 tender joints (28-joint count, TJC), ≥2 swollen joints (28-joint count, SJC) and either erythrocyte sedimentation rate (Westergren-ESR) ≥28 mm/h or C-reactive protein (CRP) >10 mg/L). Patients must have received mono or combination DMARD therapy (MTX, leflunomide, sulfasalazine and/or hydroxychloroquine) for ≥6 months (dose stable ≥2 months) prior to baseline, with corticosteroid dose stable >1 month (for exclusion criteria, see online supplementary material).
Study design
CERTAIN was a randomised, double-blind, placebo-controlled 52-week (24-week treatment and 28-week follow-up period) phase IIIb study ( figure 1A ) conducted between June 2008 and December 2010. All patients, recruited from centres in Austria, France, Germany, Italy and Poland, provided written consent. The study protocol was approved by Ethics Committees at each centre and performed according to Declaration of Helsinki.
Patients were randomised in a 1:1 ratio to CZP or placebo. CZP patients received subcutaneous 400 mg CZP at weeks 0, 2 and 4, followed by 200 mg CZP every 2 weeks (Q2W) thereafter, controls receiving identical injections of 0.9% saline Q2W, administered by unblinded site personnel. Randomisation was performed centrally using an interactive voice-response system. All patients continued their conventional DMARDs throughout. At week 24, patients were divided depending on remission status: non-remitters ( patients not achieving CDAI remission (CDAI≤2.8) at both weeks 20 and 24) were discontinued and given the opportunity to receive CZP in an open-label extension study (NCT00843778); remitters ( patients in CDAI remission at weeks 20 and 24) stopped randomised treatment (CZP or placebo), stayed in the study until week 52 continuing their concomitant therapies blinded to original treatment. Remitters who flared (CDAI≥11 at 2 visits, 4 weeks apart) between weeks 24 and 50 were retreated with the same dosing regimen of CZP as used originally up to and including week 50, before entering the open-label extension. To maintain blinding of the first study period, prior placebo-treated patients who achieved remission also received CZP if they flared.
Efficacy and safety evaluations
Efficacy evaluations were performed every 4 weeks from weeks 0 to 52 (for exceptions, see online supplementary material). Adverse events (AEs) were assessed Q2W. Primary efficacy endpoint was the proportion of patients in stable CDAI remission (CDAI≤2.8) at both weeks 20 and 24.
Secondary efficacy endpoints included the proportion of patients with DAS28(ESR)<2.6 and ACR-EULAR index-based SDAI remission (SDAI≤3.3) 24 at both weeks 20 and 24, ACR20, ACR50 and ACR70 responders at week 24, and change from baseline in Health Assessment Questionnaire-Disability-Index (HAQ-DI), Patient's Assessment of Arthritis Pain (100 mm visual analogue scale (VAS)), fatigue (11-point scale), Patient's Global Assessment of Disease Activity (PtGA; VAS), SF-36 (Physical Component Summary (PCS), Mental Component Summary (MCS)) and time from stopping treatment to loss of remission (CDAI≥2.8) at 2 consecutive visits. SDAI and DAS28 (ESR) loss of remission (SDAI>3.3 and DAS28(ESR)≥2.6 at two consecutive visits) were similarly assessed. Exploratory objectives included CDAI, SDAI and DAS28(ESR) over the 24-week treatment period. ACR-EULAR Boolean-based remission criteria using four variables (SJC and TJC≤1, CRP≤1 mg/ dL and PtGA≤1) and three variables (SJC and TJC≤1 and PtGA≤1) were analysed posthoc. 24 The impact of patients' disease activity on work productivity was an exploratory objective and measured using the Work Productivity and Activity Impairment-RA (WPAI-RA) questionnaire (for details, see online supplementary material). Safety analysis was performed up to week 52 plus 12-week safety follow-up (for details, see online supplementary material).
Statistical analysis
Sample size was calculated assuming 25% of patients in the placebo-treated group and at least 50% in the CZP-treated group would achieve remission (CDAI≤2.8) at both weeks 20 and 24. Planned sample size was 170 patients (85 for each treatment group) to achieve ≥90% power to show a statistically significant difference in proportions of patients in remission at both weeks 20 and 24. A two-sided Fisher's exact test, significance level of 0.05 (α), was used.
Efficacy analyses were performed on the intent to treat (ITT) population (all randomised patients). The proportion of patients in CDAI/SDAI/DAS28(ESR) remission and ACR responder rates were analysed using logistic regression models with treatment and geographic region as factors, from which ORs were estimated and presented with confidence intervals (CIs) and corresponding p values. Missing data were imputed by nonresponder imputation (NRI) for CDAI, DAS28(ESR) and SDAI remission rates, ACR responder rates and ACR-EULAR Boolean remission. Patients who withdrew for any reason or received rescue medication were considered non-responders from that time point onwards. All continuous data were analysed on the ITT population using analysis of covariance (ANCOVA) models with treatment and geographic region as factors and baseline value as covariate using last observation carried forward (LOCF) imputation. Safety analyses included all patients receiving study medication (CZP or placebo).
RESULTS Patients
In total, 194 patients were randomised to placebo (n=98) or CZP (n=96); 80 (81.6%) and 84 (87.5%) patients, respectively, completed 24 weeks of treatment (figure 1B). Baseline characteristics were similar between groups (table 1), with>90% in MDA (CDAI>10). Two CZP-randomised patients had HDA (CDAI>22) at baseline, but were nevertheless included in the ITT population. In line with inclusion criteria, patients had low joint counts at baseline (mean TJC: 3.8; mean SJC: 3.3). Despite MDA, functional impairment was high (mean HAQ-DI: 1.1). Impairments in overall work and daily activities and thus economic burden were also substantial (see online supplementary figure S2).
Clinical efficacy Double-blind period: up to week 24
Significantly more CZP-treated than placebo-treated patients reached the primary endpoint, CDAI remission at both weeks 20 and 24 (18.8% vs 6.1%; p≤0.05) (figure 2A), fewer than expected. Further, significantly more CZP than placebo patients had DAS28(ESR) or SDAI remission at both weeks 20 and 24 (figure 2A).
Mean CDAI and SDAI scores in CZP-treated patients improved from baseline by week 4, while worsening on placebo treatment (figure 2B, see online supplementary figure S1). Mean change from baseline DAS28(ESR) also improved on CZP, remaining stable on placebo (see online supplementary figure S1). Over twice as many CZP-treated versus placebo-treated patients achieved LDA/remission at week 24 (63.0% vs 29.7%, 42.4% vs 16.5% Clinical and epidemiological research and 65.2% vs 31.9% for CDAI, DAS28 and SDAI, respectively, all p<0.001) (figure 2C, see online supplementary figure S1), which was already observable at week 12. Furthermore, at week 24, more patients on placebo than CZP had HDA (figure 2C).
ACR-EULAR Boolean remission was achieved at week 24 by over twice as many CZP-treated than placebo-treated patients (Boolean 4: CZP=10.4%, placebo=5.1%; Boolean 3: CZP=14.6%, placebo=5.1%). ACR20, ACR50 and ACR70 response rates were higher at week 24 in the CZP group than the placebo group (ACR20, 36.5% vs 15.3%, OR 3.25 (95% CI 1.59 to 6.65); p≤0.001; ACR50, 20.8% vs 7.1%, OR 3.58 (95% CI 1.34 to 9.54); p≤0.05; ACR70, 9.4% vs 3.1%, OR 3.08 (95% CI 0.77 to 12.25); not significant although numerically threefold higher).
CZP-treated patients reported significant improvements in patient-reported outcomes compared with placebo (see online supplementary table S1 and figure 3A) . Marked improvements in physical function were observed from week 4 onwards in CZP-treated compared with placebo-treated patients (figure 3A). Improvements were also seen in pain and fatigue assessments (figure 3B and C). Furthermore, patients who received CZP reported significant improvements at week 24 in both SF-36 PCS and MCS compared with those receiving placebo. Mean changes from baseline were PCS 6.0 vs 1.7, p≤0.01; MCS 4.0 vs 0.5, p≤0.05 (observed data, see online supplementary table S1).
At baseline, 32.6% patients were employed overall (35.9% in the CZP group and 29.3% in the placebo group). Over 24 weeks, CZP-treated patients reported on average greater reductions in absenteeism, presenteeism, overall work impairment and daily activity impairment compared with placebotreated patients (see online supplementary figure S2). The percentage of work time missed due to RA (absenteeism) decreased on average from 11.0% at baseline to 3.3% at week 24 in the CZP group, whereas in the placebo group the impairment increased by week 24 (on average from 1.5% at baseline to 5.6% at week 24). The percentage of impairment while working due to RA ( presenteeism) decreased on average from 35.3% at baseline to 23.6% at week 24 in the CZP group but did not change in the placebo group (37.7% at baseline compared with 38.5% at week 24) (see online supplementary figure S2).
Open-label follow-up period: up to week 52
Patients in sustained remission stopped CZP or placebo treatment at week 24, while maintaining their established DMARD regimens, blinded to initial treatment allocation. In total, 6 placebo-treated and 17 CZP-treated patients entered the follow-up period and were eligible for inclusion in the analysis.
Of subjects completing 52 weeks of treatment, CDAI remission was maintained in 3/17 prior CZP-treated and 2/6 placebotreated patients. At week 52, 7/17 prior CZP and 2/6 prior placebo patients had CDAI LDA/remission.
Ten of seventeen patients in the prior CZP group flared to MDA or HDA, and all achieved remission or LDA when retreated with CZP. Four patients in the prior placebo group flared; CZP treatment resulted in two patients achieving remission, one LDA and one MDA. Median time to loss of CDAI remission (in all patients) was 42.5 days (see online supplementary figure S3 ). 
DISCUSSION
In the CERTAIN study of RA patients with mostly MDA, addition of CZP, compared with addition of placebo, to nonbiologic DMARDs led to significantly higher rates of sustained remission or LDA as assessed by CDAI (almost two-thirds of patients) and other scores. In CERTAIN, the CDAI remission rates at weeks 20 and 24 (the primary endpoint) were similar to SDAI/CDAI remission rates at a comparable time point in the Prospective, Randomized Etanercept Study to Evaluate Reduced dose Etanercept + MTX v. full dose Etanercept + MTX v. MTX alone for efficacy and radiographic endpoints in a moderate RA population (PRESERVE) study, which indicates that in patients with long-standing disease duration achievement of stringent remission is difficult. Indeed, this finding supports the notion of the Treat-to-Target and EULAR recommendations that suggest use of LDA rather than remission as a treatment target in patients with established disease. 10 11 Disease activity in patients receiving placebo (continuing non-biologic DMARDs) increased to week 24 by CDAI and SDAI, with over one-third of patients moving to an HDA state. This contrasts with decreases in disease activity in placebo-treated patients usually seen in clinical trials as a consequence of the 'placebo effect'. Thus, in these patients, CZP addition not only led to more frequent good clinical states but also prevented disease worsening by inhibiting progression to HDA. This novel finding is aligned with observations that early RA patients with persistent MDA experience functional deterioration. 2 Rapid and sustained improvements in CDAI, SDAI and DAS28(ESR), from the first time point at 4 weeks, were observed following CZP initiation, with the majority of response observed within 12 weeks.
Results were consistent across secondary endpoints, including SDAI and DAS28(ESR) remission, ACR20, ACR50 and ACR70 response rates, CDAI, SDAI and DAS28(ESR) values and patientreported outcomes over the entire 24-week treatment period. The low number of baseline tender and swollen joints may have contributed to lower ACR responses than observed in other CZP studies: 79% of CZP-treated and 86% of placebo-treated patients had baseline TJC or SJC≤3 and therefore could not achieve an ACR70 unless having 0 TJC and SJC by week 24.
CDAI and SDAI are considered the appropriate composite measures for definition of remission by ACR and EULAR. 24 ] The primary endpoint of CERTAIN was CDAI remission at two consecutive time points at the end of the initial observation period, a stringent definition of remission. As CDAI does not include measures of acute phase reactants (APR), it is often more useful in routine clinical care. 25 26 Unlike CDAI and SDAI, DAS28(ESR) is strongly influenced by absolute values and changes of APR levels, 27 28 which are often profoundly affected by anticytokine agents. 29 CERTAIN is a unique study, with the vast majority of included patients having MDA at baseline. Patients with LDA/MDA represent the largest RA subsets in routine clinical care, 1 4 30 who generally have disease activity that is lower than the entry criteria for most clinical studies. 31 This population accounts for a substantial economic burden, especially when considering impairments of physical function, work and daily activities. 32 33 The economic burden of patients with low to moderate disease activity is supported in the CERTAIN study by the substantial impairment in work productivity observed at baseline. Furthermore, such patients continue to have progressive joint damage and functional impairment 2 3 5 and the improvement in physical function and productivity, both in absenteeism, impairment in work-related productivity and impairment in Results are shown as n (%) of patients. *Temporary or permanent discontinuation of the drug. †Treatment-emergent adverse events occurring in >3% (by preferred term) of the safety population in the specified period (in either certolizumab pegol or placebo group). AE, Adverse event.
daily activities, noted with CZP here, suggests substantial benefit in treating patients with this mostly moderate level of disease activity.
The Treat-to-Target concept, which has been used successfully in other therapeutic areas such as diabetes for many years, has become increasingly adopted in RA. Remission is recommended as the primary therapeutic aim, although LDA is an acceptable alternative particularly in patients with long-standing disease for whom remission may not be realistic 10 ; however, this latter recommendation was not based on primary evidence from controlled trials. Here we show that, in patients with established disease, stringent remission is difficult to achieve despite optimal therapy, even if patients have MDA at baseline, consistent with other studies including PRESERVE. 14 34 35 The alternative target of LDA was attained in almost two-thirds of CZP patients at 6 months in the CERTAIN study. Interestingly, patients achieving remission had shorter disease duration and fewer prior DMARD therapies, indicating that remission is more difficult to achieve in patients with more refractory disease. Also, baseline HAQ-DI scores tended to be lower among remitters despite similar SDAI, CDAI and DAS28 values, in patients assigned to both CZP and placebo, consistent with the PRESERVE study. 14 34 35 These may represent potential predictors for achievement of remission.
Current EULAR recommendations suggest considering withdrawal of biologic DMARDs in patients in stable remission. 11 However, this study reveals that, upon stopping CZP therapy, most patients were unable to maintain remission, in line with observational studies in established RA [36] [37] [38] and from the PRESERVE trial, where termination of etanercept in stable LDA resulted in a lower likelihood of maintaining LDA than continuing etanercept.
14 However, unlike in CERTAIN, comparisons between patients receiving etanercept and those who only continued prior non-biologic DMARD treatment could not be ascertained in PRESERVE due to the open-label nature of the run-in period that only included etanercept therapy and no placebo control. 14 In the CERTAIN study, somewhat more frequent flares were seen after anti-TNF withdrawal than in the PRESERVE study; this is likely a consequence of the requirement of achieving the clinical target for at least 6 months before withdrawal in the PRESERVE study compared with at least 4 weeks in the CERTAIN study; moreover, the treatment target was more stringent in the CERTAIn study (CDAI remission vs DAS28 LDA). In contrast to CERTAIN and PRESERVE studies, the Optimal Protocol for Treatment Initiation With Methotrexate and Adalimumab Combination Therapy in Patients With Early Rheumatoid Arthritis (OPTIMA) study assessed early RA patients and revealed that most of them were able to maintain DAS28 LDA upon stopping adalimumab and continuing MTX; only a relatively small number of patients would have benefited from continuing or reinstituting adalimumab. 39 This difference suggests that, contrasting with early disease, biological therapy should not be stopped in established disease once an acceptable disease activity state has been attained, in agreement with observational studies. 36 38 Alternatively, a longer remission state may be necessary prior to stopping biological therapy.
In line with observational studies on retreatment with biologics 36 37 and contrasting with DMARD retreatment, 40 among patients receiving CZP retreatment after flaring to MDA/HDA, almost half (4/10) of the prior CZP-treated patients re-achieved remission, and the remaining 6 LDA; thus, all these patients showed response to retreatment. Such retreatment was not assessed in PRESERVE or OPTIMA studies.
There are several limitations to this study. First, only a small number of patients were included in the follow-up since fewer patients than expected achieved remission, presumably a consequence of long-standing disease and stringent remission criteria. At the time of study design, there were no prior data available from patients with MDA or LDA and so the actual proportions of patients achieving sustained remission indicate that this trial was not adequately powered, which is a limitation of the study; however, despite this underpowering, the differences between the treatment arms were significant. Also, in a recent analysis from an observational prospective RA database, patient's global assessment of disease activity was often the limiting factor to reach remission; 41 this may also have contributed to the low CDAI remission rates in this study of patients with long-standing RA, and, indeed, the greatest mean contribution to the CDAI in patients not reaching remission at week 24 on certolizumab pegol came from the patient's global assessment (data not shown). Second, retreatment upon flaring was not performed in a placebo-controlled manner but as an open-label exploratory analysis; nevertheless, it is unlikely that we observed a placebo effect upon retreatment since disease activity increased also in the placebo arm and patients remained masked to the initial double-blind period. Third, we did not assess dose reduction or interval increase once patients achieved remission, a strategy reported effective in maintaining LDA in the PRESERVE trial. 14 The results presented here reveal that CZP addition to nonbiologic DMARDs in patients with long-standing, mostly MDA is associated with increased remission and LDA rates, prevention of worsening and improvements in physical function, quality of life, work productivity and daily activities. Remission was lost upon discontinuation of CZP treatment, although response was regained by reinstitution of CZP. Taken alongside the level of overall impairment in persistent MDA 2 and the low likelihood of these patients achieving LDA/remission with DMARD treatment alone, 3 the data suggest that RA patients with LDA/MDA are a relevant population to treat with TNF inhibitors.
